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Abstract 
In order to know the relation between the bending and temperature of coated steel beam in fire test, the authors carried out a 
certain amount of fire tests for coated steel beams. Through the analysis of testing data it can be seen that the bending and 
temperature of coated steel beam are closely related, and the time when the bending at the mid-span of the beam exceeds L2/400d 
mm is almost the same as that when the average temperature of the beam rises to 538 ć under the condition that the beam is 
subjected to a total load which represents 60 % of the design moment resistance. 
© 2014 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of scientific committee of Beijing Institute of Technology. 
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1. Introduction 
As everyone knows, the bending and temperature of coated steel beam are the two important parameters to reflect 
its state in fire, and the fire resistance of the beam is also judged against the two parameters. However, the two 
parameters are often used respectively no matter the test is carried out according to domestic standards or foreign 
standards. Thus, the test result has a certain one sidedness in a sense and cannot reflect the limit state of the coated 
steel beam in fire. Since the bending and temperature can be used respectively as a criteria in different standards to 
judge the fire resistance of coated steel beam in fire test, so is there a kind of relationship between the two 
parameters? What’s the range of the temperature of the steel beam usually in when the bending exceeds the limiting 
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deflection? Can the two be combined together to judge the fire resistance of the coated steel beam in a test standard? 
The solution to these questions will be significant to improve the current testing standards. For this reason, the 
authors carried out a certain amount of fire tests for coated steel beams, and studied deeply on the corresponding 
relation between the bending and temperature of coated steel beam at its limit state in fire test. 
2. About the tests  
2.1. Test substrate 
There are many types of steel elements in steel construction buildings in practice, such as H section steel, I 
section steel, rectangular hollow section steel, circular hollow section steel etc., and their sizes are different in many 
ways. In order to ensure the representativeness of the experiment research, the authors selected H section steel 
(Q235) as test substrate which had been broadly used in steel construction buildings at present by investigation. The 
relevant information about the test substrates is given in Table 1.  
Table 1. The information of the test substrates. 
Type Size (mm) Total length (m) Number 
H section steel 400×250×10×12 6.0 2 
H section steel 300×200×6×8 6.0 2 
H section steel 500×200×8×12 6.0 2 
H section steel 400×200×8×13 4.5 2 
2.2. Test specimen preparation 
2.2.1. Thermocouples arranged on the substrate 
In order to measure the temperature of the test substrate in fire tests, it was necessary to fix a number of 
thermocouples on the substrate before coated. The specific setting mode and quantity were as follows: 
For each test specimen there were five measurement stations at 1/4, 3/8, 1/2, 5/8, and 3/4 of the length of the 
substrate exposed to heating. Each station had five thermocouples, four of them on the flange, one on the web, and 
the thermocouples on the web were positioned on alternate sides of the web. Additional six thermocouples were 
fixed to the upper surface of the bottom flange of each substrate, positioned one midway between each measurement 
station, and one midway between each outermost measurement station and final exposed extremity. In all, there 
were 31 thermocouples for each substrate [1]. 
2.2.2. Selection of coating material and preparation of samples 
Seeing that the emphasis of this research has little to do with the performance of coating material, the author 
randomly selected two kinds of fireproof coatings for steel structure (intumescent coatings and non-intumescent 
coatings ) for substrate coating. 
Applied the coating materials to the exposed surfaces of the test substrates according to their construction 
technology firstly, then stored the test specimens in the environment specified in the standard of GB 14907—2002  
(ambient atmosphere of 50 % to 80 % relative humidity at 5 ć to 35 ć) to conditioning. The period for 
conditioning was not less than 30 days. 
2.3. Test procedure 
At the time of the test, the thickness of coating was measured at the locations specified in GB 14907-2002 firstly. 
Then the specimen was installed and loaded according to the relevant regulations given in GB/T 9978.6-2008. In 
order to comply with the rules specified in foreign standards since the bending of the steel beam would be 
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influenced by the loading amount to some extent, the steel beam was subjected to a total load which represented 60 % 
of the design moment resistance [1,2,3], calculated using the nominal steel strength according to the relevant 
provisions given in GB 50017—2003 “Code for design of steel structures”. 
Until the installation and loading had been finished, the fire test was carried out under the condition that the 
furnace temperature and pressure were in accordance with provisions of GB/T 9978.6—2008. To prevent the 
collapse of the specimen in the testing process, which would influence the temperature measurements of the steel 
beam, the load had been removed immediately when the limiting deflection L2/400d mm [4] of the bending at the 
mid-span of the specimen was reached. Continued the temperature measurements until the average temperature of 
the steel beam exceeded 600 ć and then ended the test. The relevant information about the test specimens is given 
in Table 2. 
Table 2. The information of the test specimens. 
Sample 
number Test substrate 
Exposed length 
(mm) 
Supported span 
(mm) 
Limiting deflection 
(mm) Coating material 
Thickness of 
coating (mm) 
1# 400×250×10×12 5100 5630 198.1 Intumescent coatings 2.2 
2# 400×250×10×12 5100 5630 198.1 Non-intumescent coatings 28 
3# 300×200×6×8 5100 5630 264.1 Intumescent coatings 2.4 
4# 300×200×6×8 5100 5630 264.1 Intumescent coatings 6.4 
5# 500×200×8×12 5100 5630 158.5 Intumescent coatings 6.8 
6# 500×200×8×12 5100 5630 158.5 Non-intumescent coatings 30 
7# 400×200×8×13 4000 4200 110.2 Non-intumescent coatings 12 
8# 400×200×8×13 4000 4200 110.2 Non-intumescent coatings 13 
3. Test data and analysis 
3.1. Test data 
After the fire tests, the test data were tabulated. The details are given in Table 3 to Table 6. 
Table 3. The fire test data for the coated steel beams. 
The average 
temperature of the 
beam (ć) 
Sample number: 1# Sample number: 2# 
Time (min) The bending at the 
mid-span (mm) 
Time (min) The bending at the 
mid-span (mm) 
100 3.0  6.5  32.0 6.2 
150 6.2  9.6  47.4 9.0 
200 11.0  12.3  58.0 13.7 
250 20.6  13.8  68.2 17.9 
300 35.2  21.4  78.2 21.9 
350 46.2  30.4  87.8 26.1 
400 53.3  42.3  97.4 31.5 
450 58.5  60.5  106.7 40.4 
500 63.2  93.2  115.0 158.2 
512 / / 115.8 198.1 
526 68.1 198.1 / / 
538 69.4 / 117.5 / 
550 70.2  / 118.4 / 
600 74.2  / 121.3 / 
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Table 4. The fire test data for the coated steel beams. 
The average 
temperature of the 
beam (ć) 
Sample number: 3# Sample number: 4# 
Time (min) The bending at the mid-span (mm) Time (min) 
The bending at the 
mid-span (mm) 
100 2.2  2.7  3.4 0.3 
150 4.5  6.2  8.6 7.0 
200 8.1  11.5  15.5 13.4 
250 14.6  14.7  20.4 20.6 
300 24.9  22.8  24.7 30.2 
350 32.6  36.2  29.0 40.0 
400 38.5  58.2  33.0 52.9 
450 42.9  91.6  36.4 69.1 
500 48.6  183.7  39.6 98.1 
530 50.8 264.1 / / 
538 51.4  / 42.1 164.4 
548 / / 42.8 264.1 
550 52.4  / 42.9 / 
600 56.7  / 46.2 / 
 
Table 5. The fire test data for the coated steel beams. 
The average 
temperature of the 
beam (ć) 
Sample number: 5# Sample number: 6# 
Time (min) The bending at the mid-span (mm) Time (min) 
The bending at the 
mid-span (mm) 
100 6.1  1.2 31.8 3.1 
150 11.8  5.7 49.1 1.2 
200 16.3  11.7 59.7 1.9 
250 20.7  18.8 69.6 2.8 
300 24.9  27.0 78.6 5.3 
350 29.8  36.0 87.3 8.8 
400 35.0  44.7 96.7 12.0 
450 39.0  61.5 107.1 18.0 
500 44.6  122.8  115.5 27.4 
527 45.9 158.5 / / 
533 / / 119.6 158.5 
538 46.4  / 120.1  
550 47.1  / 120.7  
600 50.2   125.4  
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Table 6. The fire test data for the coated steel beams. 
The average 
temperature of the 
beam (ć) 
Sample number: 7# Sample number: 8# 
Time (min) The bending at the mid-span (mm) Time (min) 
The bending at the 
mid-span (mm) 
100 10.8 3.7 11.5 3.4 
150 15.5 5.5 15.8 9.3 
200 19.2 8.3 19.3 12.5 
250 22.9 11.5 23.1 15.4 
300 27.1 15.4 27.2 18.8 
350 30.9 18.1 31.7 21.7 
400 34.8 20.3 36.7 24.0 
450 39.2 22.3 41.8 29.0 
500 44.6 25.8 46.5 45.2 
532 48.4 110.2 / / 
534 / / 50.3 110.2 
538 50.3  50.8  
550 51.7  52.6  
600 60.8  59.1  
3.2. Data analysis 
3.2.1. Relation between the bending and temperature of the beam 
The test data given in Table 3 to Table 6 are drawn as curves as shown in Fig. 1. 
Fig. 1. The temperature/bending curves for the coated steel beams in fire tests. 
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As can be seen from Fig. 1, the changing rate of the bending is relatively slow when the temperature of the coated 
steel beam is below 400 ć, which is usually within the limits of 5 mm per 10 ć. Later, the changing rate of the 
bending gradually begins to accelerate with the increase of the temperature of the beam. The changing rate of the 
bending of some members (such as 2# and 3#) has surpassed 15 mm per 10 ć when the temperature of the beam is 
close to 500 ć. The bending of each steel beam has got sudden change till the limiting deflection is reached when 
their temperatures exceed 500 ć, and the changing rate mostly surpasses 20 mm per 10 ć. In this process, the 
changing rate of the bending of some beams (such as 1#, 3# and 6#) even exceeds   30 mm per 10 ć. 
The above changes in relation between the bending and temperature of the coated steel beam can be explained 
using the relationship between the yield strength and temperature of the steel structure. The yield strength of the 
structural steel can be calculated using the following relationship [5] given by European Convention for 
Constructional Steelwork: 
20])1750/ln(767
1[ y
s
s
y fT
Tf x          6000 dd sT ć                                     (1) 
where yf  is the yield strength of the structural steel; sT  is the temperature of the structural steel; 20yf  is the yield 
strength of the structural steel at 20 ć. 
For this study, 20yf  is equal to 235 MPa. Given some temperature points, the relationship between the yield 
strength of the structural steel and its temperature expressed by the above formula can be drawn as a curve as shown 
in Fig. 2. 
Fig. 2. The temperature/yield strength curve for structural steel under high temperature. 
As can be seen from Fig. 2, the yield strength of structural steel will be decreased with the increase of its 
temperature, and the yield strength has been decreased to 113 MPa when the temperature of the structural steel 
reaches 500 ć. The decrement of the yield strength is up to 50 % comparing with the value (235 MPa) at room 
temperature (20 ć). Furthermore the changing rate of the yield strength will also accelerate with the increase of the 
temperature.  
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Above all, the yield strength and loadbearing capacity of structural steel will begin to decrease with the increase 
of its temperature in fire test, which makes the bending of the steel beam increase as a result. That is to say, the 
bending of the steel beam will increase with its temperature increasing in fire tests. Furthermore, the changing rate 
of the bending of the steel beam will also accelerate with the increase of its temperature. Therefore the bending and 
temperature of the coated steel beam are closely related in fire tests, and the bending of steel beam is enslaved to its 
temperature. 
3.2.2. The temperature of the beam at its limit state 
The average temperatures of steel beams at the state of limiting deflection reached by the bending at mid-span 
given in Table 3 to Table 6 are drawn as a curve as shown in Fig. 3. 
Fig. 3. The average temperature of the beam at the limit state reached by the bending 
As can be seen from Fig. 3, the average temperatures of the steel beams are all in the range of 500 ć to 550 ć 
when the limiting deflections of the test specimens are reached. It can be seen from Fig. 2 that the yield strength of 
the structural steel will decrease from 113 MPa to 89 MPa when its temperature rises from 500 ć to 550 ć. Since 
the decrement of the yield strength is up to 60 %, the structural steel cannot maintain its ability to support the test 
load. The sudden change of the bending of the test specimen occurred later in the fire test also illustrates that the 
steel beam will lose its loadbearing capacity when its average temperature reaches between 500 ć and   550 ć. In 
other words, the bending of the test specimen will exceed the limiting deflection in the fire test when its temperature 
is between 500 ć and 550 ć under the condition that the beam is subjected to a total load which represents 60 % of 
the design moment resistance. 
In order to further find the corresponding relation between the bending and temperature of the coated steel beam 
at its limit state, the authors computed the mean value of the average temperatures of the eight test specimens at 
their limit state given in Table 3 to Table 6, as can be seen that is 530 ć. Thus based on the test data, the limit 
deflection L2/400d mm and limit temperature 530 ć of the coated steel beam can be combined together to judge its 
fire resistance in the fire test. As can be seen from the relevant testing standards at home and abroad, however, there 
is not a standard which gives the temperature of 530 ć to judge the fire resistance of steel structure, the closest 
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temperature which is used as a criteria is 538 ć [6,7]. So, could the temperature of 538 ć be used to judge the fire 
resistance of the coated steel beam? For purposes of analysis, the time when the bending at the mid-span of the 
beam exceeds L2/400d mm and the time when the average temperature of the beam rises to 538 ć of the eight test 
specimens given in Table 3 to Table 6 are tabulated in Table 7.  
Table 7. The limiting time for the bending and temperature of the coated steel beams 
Sample 
number 
The limiting time for 
the bending (min) 
The limiting time for 
the temperature (min) 
Sample 
number 
The limiting time for 
the bending (min) 
The limiting time for 
the temperature (min) 
1# 68.1 69.4 5# 45.9 46.4 
2# 115.8 117.5 6# 119.6 120.1 
3# 50.8 51.4 7# 48.4 50.3 
4# 42.8 42.1 8# 50.3 50.8 
 
As can be seen from Table 7, the limiting time for the bending is very close to the limiting time for the 
temperature. The percent deviation of the limiting time for the temperature from the limiting time for the bending is 
calculated and given in Table 8. 
Table 8. The deviation of the limiting time for the temperature of the coated steel beams 
Sample number Deviation  Sample number Deviation  Sample number Deviation  Sample number Deviation  
1# +1.9% 3# +1.2% 5# +1.1% 7# +3.9% 
2# +1.5% 4# -1.6% 6# +0.4% 8# +1.0% 
 
As can be seen from Table 8, there is only a small deviation of the limiting time for the temperature from the 
limiting time for the bending. They are all within 5 %, and the maximum deviation is only 3.9 %. Thus it can be 
seen, the time when the bending at the mid-span of the beam exceeds L2/400d mm is almost the same as that when 
the average temperature of the beam rises to 538 ć under the condition that the beam is subjected to a total load 
which represents 60 % of the design moment resistance in fire test. So, the bending and temperature can be 
combined together to judge the fire resistance of coated steel beam. 
4. Conclusions 
According to the experiment research above, it is not difficult to draw some conclusions under the condition that 
the coated steel beam is subjected to a total load which represents 60 % of the design moment resistance in fire test. 
First, the bending and temperature of the coated steel beam are closely related, and the bending and its changing rate 
will all increase with its temperature increasing; Second, the average temperature of the coated steel beam is usually 
between 500 ć and 550 ć when its bending exceeds the limiting deflection L2/400d mm; Third, the bending 
L2/400d mm and the average temperature 538 ć of the steel beam can be combined together to judge the fire 
resistance of the coated steel beam in a test standard. 
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